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' < * NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the heat roll processing equipment used suitable 
for operation of the processing method for reinforcing the fatigue strength of the crankshaft made from 
steel casting, and this processing method, still in detail, this invention relates to the fatigue strength 
reinforcement processing method of the crankshaft made from steel casting to which processing 
processing is made to perform mainly by heat roll processing, and its equipment, in order to aim at 
improvement in fatigue strength [ in / the fillet section / for the crankshaft made from steel casting ]. 
[0002] 

[Description of the Prior Art] Although it is well-known technology that fatigue strength improves by 
carrying out cold roll processing of the axial fillet section which is stress raisers Cold roll processing is 
applied to the pin fillet section (corner section of a crank pin and crank Webb) and the journal shaft fillet 
section (corner section of a journal shaft and crank Webb) which are the high stress generating section 
about the crankshaft which are engine internal combustion engine parts. Many research and 
development about the method and equipment which raise the fatigue strength of the fillet section which 
is crankshaft maximum **** are accomplished, and many proposals of invention and a design are also 
performed, 

[0003] However, in the case of the crankshaft made from steel casting, if there is an about [ diameter 
phiSOOmicrometer ] casting defect called micro shrinkage, this will serve as an origin of fatigue 
breaking, and though the design safety factor of a crankshaft is fully attained, it may reduce the fatigue 
strength of this crankshaft, and it may cause fatigue strength variation. This is as plot ** being carried 
out by x mark at drawing 5 . 

[0004] As conventional cold roll processing equipment which carries out roll processing of the 
crankshaft fillet section In the crankshaft which there is advanced technology, such as what was 
proposed by these people by Japanese Patent Application No. No. 1 13216 [ seven to ], and was 
processed by such cold roll processing equipment When a character makes welding pressure increase by 
ordinary temperature Hertz planar pressure conversion in the surface coarseness of the fillet section 
which is the maximum **** as shown in drawing 6 , it can improve greatly. However, it has not resulted 
by the place which may stick by pressure the casting defect which exists near a front face and the front 
face. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, about a crankshaft, the high stress by stress 
concentration occurs in the surface section near the corner R center of a fillet, and stress inclination as 
shown in drawing 7 towards the interior (a pin and journal shaft center) exists. If the casting defect 
which is the factor which reduces fatigue strength existed such near the front face of the high stress 
generating section, and the front face, it is just going to be known widely that the fatigue strength of a 
base material falls and variation exists in fatigue strength according to a casting defect's existence form. 
[0006] When the worst, the fatigue strength of a base material falls notably by existence of a casting 
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defect, and when the fatigue strength-proof of a base material to the high stress generated near a front 
- J face and the front face is less, it results in fatigue damage. It is said that it is an important problem by the 
side of a manufacturer to offer the processing technology which can stick positively the casting defect in 
the crankshaft made from steel casting by pressure in order to stabilize quality, and to require what has 
high reliability to intensity and to satisfy these customer demands to the crankshaft to which the use 
under a fluctuating load is obliged especially. 

[0007] Then, this invention receives the part the front face of the fillet section which is the maximum 
**** of the crankshaft made from steel casting, and near the front face, after combining cold roll 
processing technology and the defective sticking-by-pressure technology by hot rolling, it was able to 
come to apply - heat roll processing which is new technology being carried out, and the casting defect 
which exists in the part concerned by being stuck by pressure effectively By [ which are made like ] 
raising the fatigue strength of a steel-casting base material on a par with the forged steel of the same on- 
the-strength level (tensile strength), or a rolled stock (referring to drawing 5 ), on-the-strength reliability 
is high, and it aims at offering the crankshaft made from steel casting by which quality was stabilized. 
Furthermore, this invention makes it the purpose to attain the increase in efficiency of heat roll 
processing work, and to also make the economical effect that the crankshaft made from steel casting of a 
low cost can be offered by improvement in productivity achieve. 
[0008] 

[Means for Solving the Problem] this invention is considered as the composition described below in 
order to attain the above-mentioned purpose. Namely, while invention of a claim 1 carries out 
pressurization pinching of the crankshaft made from steel casting by the work roll and the back up roll 
among this inventions The 1st process which is rotated around this pinching medial axis, and carries out 
heat roll processing of the aforementioned fillet section continuously by the work roll further while 
heating the fillet section of the aforementioned crankshaft continuously with the heating apparatus 
approached and formed in the work roll, It is the fatigue strength reinforcement processing method of 
the crankshaft made from steel casting characterized by including the 2nd process which performs heat 
treatment for a temper so that the aforementioned crankshaft which carried out heat roll processing at 
this 1st process may be set to the steel-casting material and this on-the-strength level before this 
processing. 

[0009] Moreover, invention of a claim 2 is characterized by the aforementioned heating apparatus for 
heating the fillet section of a crankshaft continuously being high-frequency-induction-heating equipment 
in the fatigue strength reinforcement processing method according to claim 1 among this inventions. 
[0010] Moreover, invention of a claim 3 is characterized by considering as the composition which adds 
and includes the 3rd process which carries out cold roll processing of the fillet section of the crankshaft 
made from steel casting heat-treated at the 2nd process of the above further for the improvement in 
fatigue strength in the fatigue strength reinforcement processing method according to claim 1 or 2 
among this inventions. 

[001 1] Moreover, invention of a claim 4 is characterized by the fatigue strength reinforcement 
processing method according to claim 1, 2, or 3 being that to which tensile strength performs fatigue 
strength reinforcement processing of the crankshaft made from steel casting which consists of steel- 
casting material of 2 mm 40-70kg /among this inventions. 

[0012] Moreover, invention of a claim 5 is heat roll processing equipment for crankshaft processing 
used suitable for operation of a claim 1 or the fatigue strength reinforcement processing method of 3 
among this inventions. The crankshaft maintenance means which carries out pressurization pinching of 
the crankshaft made from steel casting by the work roll and the back up roll, The rotation driving means 
which rotate the aforementioned crankshaft in which this crankshaft maintenance means carried out 
pressurization pinching around this pinching medial axis, It is approached and prepared in the first 
transition of the aforementioned work roll, and the high-frequency -induction-heating equipment which 
heats continuously the fillet section of the aforementioned crankshaft in which the aforementioned 
crankshaft maintenance means carried out pressurization pinching is included. The degree of crossed 
axes angle of the field as for which a work roll carries out a rectangular difference to the axis of rotation, 
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the 4 degree theta of roll contact angle, i.e., the work roll, to the aforementioned fillet section, and the field 
which carries out a rectangular difference to the aforementioned pinching medial axis is set as 35 
degrees <= theta<=60 degrees, radius rl of the periphery arc surface section of a work roll Radius r2 of 
the aforementioned fillet section a ratio R=rl / r2 It is set as 0.6<=R<=0.95, and is characterized by 
the bird clapper. 

[0013] Moreover, among this inventions, in the heat roll processing equipment for crankshaft processing 

according to claim 5, the welding pressure by the work roll and the back up roll is two or more 

[ 400kg //mm ] in ordinary temperature Hertz planar pressure conversion, and invention of a claim 6 is 

characterized by high-frequency-induction-heating equipment being what has the heating capacity which 

can carry out heating maintenance of the skin temperature of the aforementioned crankshaft at 1000 

degrees C or more. 

[0014] 

[Embodiments of the Invention] Hereafter, it explains, referring to an accompanying drawing about the 
example of the gestalt of operation of this invention. Drawing 1 shows the outline composition of the 
heat roll processing equipment which is the example of the gestalt of operation of this invention, (a) 
view is front view, (b) view (a) A-A line view side elevation of a view, The cross section (c) showing 
important section composition and drawing 2 The important section composition of drawing..! 
illustration heat roll processing equipment is shown. The (a) view is the front view of a crankshaft 
maintenance means, (b) view Important section enlarged view in the (a) view, The (c) view is an 
expanded sectional view of the fillet section. 

[001 5] In drawing 1 and drawing 2 , 1 is rotation driving means realized with a slewing gear, and 
centering of this slewing gear 1 is carried out so that the axial center of the pinching medial axis of the 
crankshaft maintenance means (it mentions later) which is a like and carries out pressurization pinching 
of the crankshaft made from steel casting (crankshaft is called henceforth) C as the drive axis-of-rotation 
heart S and a processed shaft at a large-sized engine lathe may agree, and it is considered as the 
composition which rotates this crankshaft C. Moreover, 2 is a roll frame stand, and this roll frame stand 
2 is arranged in the posterior of a slewing gear 1, and is prepared possible [ movement ] in parallel to the 
drive axis-of-rotation heart S of this slewing gear 1. In addition, although illustration was omitted here, 
the drive to which this roll frame stand 2 is moved is installed inside this roll frame stand 2. 
[0016] 3 is a crankshaft maintenance means realized with a roll frame, and this roll frame 3 is formed in 
the shape of [ of KO to which opening of the front was carried out ] a character, and it is supported by 
the roll frame stand 2 at the rockable through well-known connection meanses, such as a link 
mechanism of connection arm 3 c of the rear, and an illustration abbreviation, while being allotted in the 
direction which intersects perpendicularly with the drive axis-of-rotation heart S of a slewing gear 1 . 
Moreover, point 3 a of the upper part of both the points that carry out opening to the shape of a character 
of KO of this roll frame 3, and counter it is equipped with the cylinder equipment 4 which has 
pressurization head 4a which moves in the direction of point 3b of this lower part along with the line 
which intersects perpendicularly with a downward point 3b inside side, and to pressurization head 4a of 
the oil hydraulic cylinder 4 with which upper point 3a of this roll frame 3 was equipped The back up roll 
5 of a pair [ the cross direction held to rotation freedom at the roll electrode holder 6 ] again on the 
inside side of downward point 3b The work roll 7 of a pair [ the longitudinal direction held to rotation 
freedom at the roll electrode holder 8 ] is operation center line S' of pressurization head 4a mutually. It is 
made to counter in a top and is attached removable through each roll electrode holders 6 and 8. 
Furthermore, between the roll electrode holders 6 of a back up roll 5 and these pressurization head 4a 
which were attached in pressurization head 4a, as shown in a drawing 1 -(c) view, spherical bearing 9 is 
infixed again. 

[0017] With the heat roll processing equipment concerning this operation form of the above-mentioned 
composition As shown in a drawing 1 -(b) view, while inserting Journal J or Pin P of crankshaft C 
rotated by the slewing gear 1 focusing on the axis-of-rotation heart by the back up roll 5 and work roll 7 
of the roll frame 3 The work roll 7 which accomplishes an opposite relation in the fillet section F of the 
both sides, and is prepared in it by making a back up roll 5 press down with an oil hydraulic cylinder 4, 
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and carrying out pressurization pinching between work rolls 7 is pressed, and roll processing is carried 
out. And by moving the roll frame stand 2, this roll frame 3 is moved in the direction of the axis-of- 
rotation heart of crankshaft C, and roll processing of each journal J and the pin P is carried out 
individually one by one. In addition, when carrying out roll processing of the fillet section of Pin P, the 
roll frame 3 is followed and swing rotation of this pin P is made to rock it. 

[001 8] Operation center line S 1 of pressurization head 4a which presses this back up roll 5 for a work roll 
7 and a back up roll 5 with this operation gestalt equipment here Since it is made to counter in a top, 
even if the shaft diameter of a processed crankshaft is changed, the axis is always received. 
Pressurization pinching can be carried out from the method of the both sides which counter at 180 
degrees, and stable roll processing can be performed. Furthermore, since spherical bearing 9 is infixed 
between the roll electrode holder 6 of a back up roll 5, and pressurization head 4a, when you process the 
pin P of crankshaft C which carries out swing rotation, it is made to ****** by making a pair of back up 
roll 5 meet smoothly to the movement of the pin P, and let compression of the pin P between the work 
rolls 7 which counter be a positive thing. 

[0019] Moreover, compression of the processed crankshaft in the heat roll processing equipment 
concerning this operation gestalt Since it carries out directly by the pushing force of an oil hydraulic 
cylinder, without making the shape of** NCHI carry out open closing of the roll frame like equipment 
before The roll frame can be formed in one, and while being able to simplify structure by this, structure 
intensity can be raised and it can consider as a compacter thing, further The load to the link mechanism 
which supports this roll frame to a rockable can be mitigated, and simplification of the whole equipment 
can also be attained. Moreover, since you can carry out roll processing of each journal (refer to drawing 
1 -(a)) and the pin (refer to drawing 2 -(a)) with one roll frame, without arranging each journal and the 
roll frame of exclusive use at every pin like conventional equipment when carrying out roll processing 
of the journal of a crankshaft, and the fillet section F of a pin, let an equipment configuration be a 
simpler thing. 

[0020] In the above-mentioned heat roll processing equipment which becomes such composition, it is 
drawing 2 . - High-frequency-induction-heating equipment 10 is formed so that (b) may ******. This 
high-frequency-induction-heating equipment 10 is approached and arranged in the first transition which 
counters the aforementioned fillet section F of a work roll 7, and is constituted by the IH coil 1 1 and the 
control -power-source section 12. The IH coil 1 1 is arranged in the part or the near part which can carry 
out abbreviation contact which contacts the first transition of a work roll 7 at the fillet section F of a 
processed crankshaft in the front position of opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. On the other hand, the control -power-source section 12 is attached in the proper part near the 
work roll 7 of the roll frame 3, and it is prepared so that the RF generator by which regulation control 
was carried out may be impressed to the IH coil 11. Such high-frequency-induction-heating equipment 
10 can heat the aforementioned fillet section F now continuously at 1000 degrees C or more of skin 
temperatures during heat roll processing operation. 

[0021] The fatigue strength reinforcement processing method of the crankshaft made from steel casting 
concerning this invention which uses the above-mentioned heat roll processing equipment for a major 
machine, and performs it is explained below. It is desirable to apply crankshaft made from steel casting 
C which 40-70kg /of tensile strength of material becomes from the steel castings of 2 mm as a 
crankshaft which is a work material first. On the other hand, about a work roll 7, it is required to satisfy 
the conditions which face to make this contact the fillet section F of a crankshaft, and are shown below, 
that is While a work roll 7 sets the degree theta of roll contact angle to the aforementioned fillet section 
F (the degree of crossed axes angle of the field which carries out a rectangular difference to the axis of 
rotation of a work roll 7, and the field which carries out a rectangular difference to the aforementioned 
pinching medial axis of the roll frame 3 : refer to drawi ng 2 -(c)) as the predetermined angle of the range 
of 35 degrees <= theta<=60 degrees radius rl of the periphery arc surface section of a work roll 7 
Radius r2 of the fillet section F a ratio -- R (=rl / r2) is set as the predetermined value of 0.6<=R<=0.95 
range Moreover, the heating capacity of high-frequency -induction-heating equipment 10 is controlled to 
be able to heat the fillet section F continuously at 1000 degrees C or more of skin temperatures. 
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[0022] Thus, after setting up initial condition, while carrying out pressurization pinching of the 
crankshaft C by the work roll 7 and the back up roll 5 and making it rotate around the aforementioned 
pinching medial axis, a work roll 7 performs heat roll processing of the fillet section F continuously, 
heating the skin temperature of the fillet section F continuously at 1000 degrees C or more with high- 
frequency-induction-heating equipment 10 (the 1st process). 

[0023] An end of the 1st process of the above performs heat treatment for a temper so that it may be set 
to the steel-casting material and this on-the-strength level before this processing to crankshaft C which 
gave heat roll processing continuously (the 2nd process). Although this heat treatment is mentioned 
later, it is exactly heat treatment for residual-stress release (SR processing). Usually, what is necessary is 
just to make cold roll processing (the 3rd process) currently succeedingly generally performed to the end 
of the 2nd process perform further, although it will be enough and fillet roll processing of the crankshaft 
made from steel casting with which fatigue strength was reinforced by cooling by air cooling etc. will 
end the rest, if 2 of the above process [ 1st ] and the 2nd process processes are made to perform, when it 
is necessary to raise fatigue strength. 

[0024] Thus, after all fillet roll processings are completed, all of roll processing of a crankshaft is 
completed by performing finish-machining and making the fillet configuration of smooth curvature 
based on customer specification. 

[0025] Generally there is no casting defect or it is common knowledge that the fatigue strength of the 
material which stuck the casting defect by pressure with hot rolling or hot forging is the abbreviation 
half (upper limit) of tensile strength. However, in steel casting, the small casting defect which cannot be 
prevented surely exists, and is distributed irregularly. Therefore, the origin of fatigue is generated from a 
weak point like a casting defect where excessive stress exists in this fillet section on structure as 
mentioned above. 

[0026] If heat roll processing is performed, then, in phenomenon Make the heated surface section soft by 
heating, and the small casting defect which exists in the surface section by roll processing is made to 
stick by pressure, by this fatigue strength is not reduced as a defect as -- **** ~ the rolled stock (even 
if it is an ingot) in which a casting defect does not exist since it is stuck by pressure small, and the 
crushed casting defect cannot serve as a defatigation origin, if it is made to distribute this operation by 
hot rolling — fatigue strength - the abbreviation half of tensile strength - becoming ~ it becomes the 
fatigue strength which does not have variation by the defect of the surface section of the abbreviation 
half of tensile strength like forged-steel material (fatigue strength serves as the abbreviation half of 
tensile strength in this operation by hot forging even if it is an ingot) 

[0027] If heat roll processing is given, in a heating part, the thermal stress at the time of returning from 
an elevated temperature to ordinary temperature (based on air cooling) and an organization 
transformation will arise with the operation which makes a defect which was described above stick by 
pressure, and, on the other hand, the compression residual stress and work hardening by local (plasticity) 
deformation will happen to a roll processing part like the effect of cold roll processing. Therefore, 
supposing it uses it in the state [ having given heat roll processing ], shipping, an on-the-strength 
guarantee will become difficult by these complicated affectors. Then, after heat roll processing, by 
[ aforementioned ] carrying out SR processing, all affectors are cleared and it prepares about uniform 
base material intensity. Of course, the casting defect stuck by pressure is not opened again, though 
natural. 

[0028] As heating temperature in the case of heat roll processing, 1000 degrees C or more are required 
of the skin temperature of the fillet section, this temperature condition is the temperature equivalent to 
the softening temperature of steel casting, and the range of 1000-1200 degrees C is suitable for it. On the 
other hand, although it is conditions that it is two or more [ 400kg //mm ] in ordinary temperature Hertz 
planar pressure conversion as the welding pressure by the work roll 7 and the back up roll 5 is 
mentioned above Even when [ this ] 400kg /of values of 2 carries out roll processing in ordinary 
temperature mm, the fatigue strength of the steel-casting base material with which a quite large casting 
defect exists as drawing 7 shows It is the value which can fully give required intensity and can carry out 
composition deformation in the depth from the fillet section front face at the time of taking into 
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consideration the stress concentration of the crankshaft fillet section. It is the value which about 10mm 
deforms plastically under a front face generally (in the case of the crankshaft of the processing 
equipment concerning the gestalt of operation of this invention). Therefore, although based also on the 
deformation-resistance value of the base material by temperature, since the defect of near to which 
fatigue strength is reduced greatly is fully stuck by pressure, naturally it is thought that fatigue strength 
improves. If this welding pressure is increased, although the sticking-by-pressure effect is expectable to 
a still deeper part, in the crankshaft configuration of the processing equipment concerning the drawin g 1 
illustration implementation gestalt, about [ 400kg //mm ] two are a upper limit in consideration of the 
restrictions from an equipment side. 
[0029] 

[Example] after [ which clarifies the effect of the fatigue strength reinforcement processing method of 
the crankshaft made from steel casting concerning this invention ] tensile strength's having used 57kg /of 
substance crankshafts of 2 as the test piece mm accumulating and performing the above-mentioned 
processing processing, it applied to the testing machine and the fatigue test was performed The result of 
the examination is shown below. In this case, the skin temperature of 1000 degrees C, and the welding 
pressure of 400kg/mm, under the conditions of 2, after the substance crankshaft performed fillet roll 
processing with heat roll processing equipment, it performed the fatigue test, it having carried out SR 
heat treatment for residual-stress release, and having covered this substance crankshaft by which SR 
heat treatment was carried out over the testing machine, and checked fatigue strength. In addition, the 
used testing machine is a resonated type fatigue tester illustrated to drawing 4 , and is equipment which 
adds vibration and gave bending stress to the crankshaft made from steel casting which is a test piece. 
[0030] The test result of fatigue strength is as being shown in drawing 3 , and it is clear fatigue strength's 
of the substance crankshaft which carried out heat roll processing to have the value equivalent to a rolled 
stock and forged-steel material, and to hold high fatigue strength as compared with steel casting (plotted 
by the white trigonum mark) which does not carry out heat roll processing so that it may plot by the 
black trigonum mark. 
[0031] 

[Effect of the Invention] this invention is carried out with a gestalt which was explained above, and does 
so an effect which is indicated below. 

[0032] Performing high-frequency induction heating, by carrying out heat roll processing, also in a 
crankshaft, the casting defect the front face of the fillet section and near the front face can be stuck by 
pressure, and, according to this invention, the fatigue strength of a steel-casting base material can be 
raised to a region equivalent to the rolled stock of this on-the-strength level (tensile strength), and 
forged-steel material so that clearly also from the result of the above-mentioned example of an 
experiment. And the further short-time heating is possible and, as for the heating time by high- 
frequency -heating equipment, improvement in a quality side and the field of productivity is achieved by 
change of configurations, such as the length of a heating coil, and the distance of a heating component 
and a heating coil and change of frequency. 

[0033] As mentioned above, it is possible by performing heat roll processing quickly to improve the 
fatigue strength and variation of a steel-casting base material, and to provide a mechanical strength with 
a reliable crankshaft easily, performing heating at high temperature. 



[Translation done.] 
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